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Recent results on the reaction pp → K +K 0 d
at T p = 2.645 GeV/c, obtained in the current experiment at ANKE spectrometer [1] , are analysed phenomenologically. The purpose of the analysis is to answer the question whether these data give evidence for production of scalar a + 0 meson in the KK channel. The experimental K +K 0 -mass spectrum from the reaction (1) is shown in Fig.1 (histogram). There are some arguments for resonance solution of this problem: i) The number of events observed in ANKE experiment [1] is in correspondence to what follows from theoretical estimations. Those theoretical predictions were based on the estimation of the production rate for a + 0 meson in a simple meson exchange model, see, ref. [2] for more details.
ii) Theoretical estimations for nonresonance background [2] are expected to be strongly suppressed in comparison with what is seen at ANKE experiment.
iii) The observed K +K 0 -effective mass spectrum looks like a resonance or a rather sharp bump.
Note that arguments i) and ii) are model dependent. The modern effective mesonnucleon theories of strong interactions are not able to predict cross sections for production of heavy mesons (m a ∼ 1 GeV) with high accuracy. What about argument iii), the allowed KK-mass interval is rather narrow (991.4 < M KK < 1037.3 MeV). That is why the phase volume limitations should already reproduce a resonance-like bump in the KK-mass spectrum. The complicating point of the situation is in the following: the expected width of a 0 meson (Γ a ∼ 80 MeV) is larger that the allowed KK-mass interval ∆m ∼ 40 MeV. That is why great efforts are to be performed to make distinction between resonance and nonresonance solutions.
Let us consider first the case, when the reaction amplitude is considered to be constant. Then the shape of the KK-spectrum is given by phase space factor, i.e.
Here m is the mass of the K +K 0 system, k is the deuteron reaction c.m. momentum, q is the relative momentum of kaons in the KK system, and N is normalization constant. The distribution (2) is shown in Figure 1 by dotted curve. As it is seen from Figure, this phase space dependence is inconsistent with the experimental data. Hereafter, when describing the visible KK spectrum, we take into account experimental mass resolution by convoluting the theoretical expressions for dσ/dΩ with gaussian:
where
Gaussian parameter σ = σ(m) was chosen in correspondence to experimental mass resolution function δm(m), taken from ref [3] . According to gaussian parametrization of experimental resolution we took σ(m) = δm(m)/2.36. Note that phase space dependence of differential cross section (2) discussed above corresponds to the production of final deuteron and a 0 meson in s wave. However, s-wave channel in the reaction pp → da + 0 is forbidden due to parity and angular momentum conservations and the Pauli principle [2, 4] .
Consider first the case, when K +K 0 system has angular momentum l = 0, i.e. kaons are produced in s wave. Then the KK system should be produced in p wave with respect to deuteron. Then the reaction amplitude is to have a linear dependence on momentum k and we get instead of (2):
The distribution (5) being convoluted with the experimental resolution according to the prescription (3), is shown in Figure 1 by solid line. As it seen, it is in reasonable agreement with the experimental data and gives χ 2 /d.f. = 0.89 (hereafter χ 2 procedure is applied to the mass interval 990 MeV ≤ m ≤ 1038 MeV, for which the number of events in each bin is high enough).
In the case when the K +K 0 system has angular momentum l = 1, we get quite a different expression for differential cross section:
which corresponds to the production of deuteron in s wave with respect to the KK system. The distribution, which corresponds to the expression (6) , is shown by dashed-dotted line in Figure 1 . As it seen, it is inconsistent with the experimental data.
That is why we conclude that in the ANKE experiment at T p = 2.645 GeV/c 2 , the KK system is produced mainly in s wave.
So later on we shall limit ourself by suggestion that the KK system is produced only in s wave and shall compare resonance and nonresonance production hypotheses with the experimental data.
Consider first the case of a pure resonance production of KK system, i.e. through the chain pp → a
For this resonance production mechanism the differential cross section has the form
where A = (m − m a + iΓ(m)/2) −1 and m a is nominal mass of a + 0 meson. For the width Γ(m) we use the analytic expression, suggested by Flatte [5] :
where q 1 is relative momentum in the a 0 → π + η decay channel, taken at m = m a . We use the parameters m a = 1001 MeV, g 1 = 0.243 and g = 0.221 for a + 0 meson from the ref [6] . The result of the χ 2 -fit to the experimental data is shown by dashed line in Figure 1 . The description of the data is quite reasonable (χ 2 /d.f. = 1.01). So we conclude that both alternative ways for description of the experimental KK-mass spectrum (resonance and nonresonance) look reasonable. Now let us consider the case when the production matrix elements includes both resonance and nonresonance terms. In this case we get
where B and φ are constant. In what follows we shall vary parameters B and φ to get better description of the data. One example of the fit ("best fit") to the data with the amplitude A in the form (10) is given in Figure 2 . The parameters B and φ are presented in the Table. The description of the data is quite reasonable (χ 2 /d.f. = 0.546). Solid, dashed and dotted curves in Figure  2 represent total, resonance and background contributions, respectively. We see that for this case resonance contribution dominates.
However, the value χ 2 /d.f. is rather smooth function of parameters B and φ (no strong minimum of χ 2 functional). One can essentially increase the value B and obtain similar to the best fit description of the data with good values for χ 2 /d.f. The example of the description is presented in Figure 3 and corresponds to the value χ 2 /d.f. = 0.58. In this case background dominates and resonance contribution is suppressed. Both results, presented in Figures 2 and 3 , are summarized in the Table. B, MeV Fig.2 (best fit) 0.005 15 1.006 0.065 0.546 Fig.3 (fixed B) 0.080 -140 0.044 0.720 0.580
Here: x R and x B are relative weights of resonance and background contributions,
and σ = σ R + σ I + σ B . Subscripts R, I and B correspond to contributions of the resonance, interference and background terms, respectively, and x R + x I + x B = 1.
We conclude that the description of the data with matrix element, taken as the sum of resonance and nonresonance terms (10), is excellent. At the same time both versions presented in Figures 2 and 3 reproduce experimental data well. So we can not prefer one of this version to another. Thus, for the moment it is impossible to separate resonance hypothesis from nonresonance one.
Notice that if nonresonance contribution to the cross section is large, as in the version, shown in Figure 3 , the genesis for such a large background remains questionable. Existing theoretical estimations for background predict smaller value [2] . May be large background is influenced by the induced decay of the produced a + 0 mesons. In this case the inelastic a 0 d → KKd cross section is large, what corresponds to the molecular hypothesis of a 0 meson [7] .
Note that the width of a + 0 meson is large, Γ a ≈ 80 MeV, and is comparable with the studied KK-mass interval ∆m ≈ 40 MeV. For the present statistics (number of events N ev ≈ 600) we can not separate resonance from nonresonance hypotheses (χ 2 /d.f. is approximately the same for both cases). But if statistics of the experiment will increase, we get opportunity to separate these hypotheses. This statement is illustrated in Figure 4 , in which the dashed curves correspond to ratios f 1 (m)/f 0 (m) (Figure 4a ) and f 2 (m)/f 0 (m) (Figure 4b ). Here we use the notations f i (m) = dσ i /dm (i = 0, 1, 2) for KK-mass distributions. The subscripts i = 1 and i = 2 correspond to pure nonresonance (5) and pure resonance (8) hypotheses for matrix element, respectively. The case i = 0 corresponds to the some ideal distribution, which we shall identify with our "best fit" solution, given by solid curve in Figure 2 . The dotted curves show the error bars, which are given for the present statistics and correspond to the expressions 1 ± 1/ f 0 (m) · ∆m , and the bin is: ∆m = 4 MeV. It is seen that the decrease of errors by factor 3 should clarify the situation and confirm or disconfirm one of these two hypotheses.
Conclusions Existing experimental data [1] on the reaction pp → K +K 0 d may be described quite reasonable under suggestion that all kaons are produced through formation of a + 0 resonance. Another possible solution with nonresonance production mechanism also gives reasonable description of the data. Nonresonance production of KK system with angular momentum l = 1 may be excluded at present level of statistics. Future increase of statistics may help in getting the correct solution of the problem.
